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1 MOPITT Version 6 Product Highlights

This guide describes new product features in the MOPITT Version 6 (V6) Level 2 product for
tropospheric carbon monoxide (CO). V6 product users should also consult the V5 User's Guide (also
available on the MOPITT website) since the scientific content of the V5 and V6 products is very
similar. Any updates to this document will be announced on the MOPITT News webpage at

www.acd.ucar.edu/mopitt/news.shtml.
Major enhancements offered in the V6 product include:

Corrected geolocation (latitude and longitude) data. Details in Sec. 3.1.

Use of the NASA MERRA (‘Modern-Era Retrospective Analysis For Research And
Applications') reanalysis product for meteorological fields and a priori surface skin
temperatures instead of NCEP. Details in Sec. 3.2.

Updated CO a priori. Details in Sec. 3.3.
Distribution of V6 Level 2 products in HDF5 format. Details in Sec. 4.2.

2 Review of Earlier MOPITT Products

Following the launch of Terra near the end of 1999, the MOPITT Version 3 product became available
in 2000 [1]. This was the first satellite dataset for tropospheric CO featuring global coverage. This
product was followed in 2009 by the Version 4 (V4) product [2]. Significant improvements first
introduced in the V4 product included (1) temporally and geographically variable a priori for CO based
on the chemical transport model MOZART, (2) representation of CO variability by log-normal
statistics, (3) extension of the forward radiative transfer model MOPFAS to simulate much higher CO
concentrations, and (4) improved observation-based a priori values for surface emissivity. Processing
of the V4 product ended at the end of 2012. The V5 product became available in 2011 in three
retrieval configurations: thermal infrared-only (‘'TIR-only'), near infrared-only (‘NIR-only') and
TIR/NIR. (The previous V3 and V4 products were TIR-only products.) V5 retrieval products also
benefited from a new time-dependent radiative transfer model to reduce the influence of long-term
instrumental degradation on retrieval biases (i.e., 'bias drift"). The V5 product has been validated [3].

3 Features of the MOPITT Version 6 Retrieval Algorithm

Improvements to the content of the V6 retrieval products are described in the following section. In this
document, especially significant changes in the V6 product (with respect to both scientific content and
format) are emphasized in bold text.

3.1 Geolocation Data

A small systematic error in the MOPITT geolocation values (latitude and longitude) was
identified after the release of the V5 product. This geolocation error has been eliminated in the
V6 product. The source of the bias was found to be a small misalignment between the MOPITT
instrument and the Terra platform. A detailed report analyzing this effect is available on the MOPITT
website Publications page (http://web3.acd.ucar.edu/mopitt/publications.shtml). This data quality issue
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should be considered particularly by researchers currently applying MOPITT V4 or V5 products to
study CO concentrations on fine spatial scales (e.g., tens of km). In V6 data processing, this problem
has been resolved by correcting the table in the Level 1 processor that defines the cross-track and
along-track viewing angles for each unique pixel/track/stare position. Thus, geolocation biases have
been eliminated in the V6 Level 1, 2, and 3 products.

3.2 Meteorological Fields

For each retrieval, the MOPITT retrieval algorithm requires temperature and water vapor profiles as
well as a priori surface temperature values. In previous operational processors, meteorological data
were derived from NCEP GDAS (Global Data Assimilation System) analysis products. For V6
processing, meteorological profiles are derived from the NASA MERRA ('Modern-Era
Retrospective Analysis For Research And Applications') reanalysis product
(http://gmao.gsfc.nasa.gov/merra/) [4]. The following benefits are anticipated as a result of using
MERRA rather than NCEP in MOPITT retrieval processing:

Generally higher quality retrieval results due to higher quality water vapor profiles;
missing values in NCEP water vapor profiles were previously found to sometimes cause
anomalous surface-level CO VMRs offshore California

Higher quality retrieval results over land due to use of hourly-resolved MERRA surface
skin temperatures instead of 6-hourly NCEP surface-level air temperatures (a proxy for
surface skin temperature)

Higher quality retrieval results due to higher horizontal and vertical spatial resolution in
the meteorological fields; MERRA is produced at 1/2 by 2/3 degree (lat/lon) horizontal
resolution on a 42-level pressure grid whereas NCEP GDAS products are produced at 1
degree horizontal resolution on a 26-level pressure grid

Improved long-term consistency of retrieval products resulting from use of climate-
quality reanalysis instead of output of meteorological forecasting system (NCEP/GDAS)

3.3 A Priori

Like the V4 and V5 products, the V6 products rely on variable a priori to represent the geographical
and seasonal variability of 'background' concentrations of CO. However, whereas for earlier products
the a priori was based on a climatology for 1997-2004 and was simulated with the MOZART chemical
transport model [2], for V6 the CO a priori is based on a climatology for 2000-2009 simulated with
the CAM-Chem model [5]. The principal advantage of the new a priori is that is should represent
global CO concentrations during the actual MOPITT mission (2000 to present) better than the
MOZART climatology. Like the previous MOZART-based climatology, the new CAM-Chem -based
climatology is gridded at one degree (lat/lon) horizontal resolution and monthly temporal resolution.

4 Product Format

Beginning with the MOPITT V6 products, the format of the archival Level 1, Level 2, and Level
3 data files is switching from HDF-EOS2, based on HDF4 libraries, to HDF-EOSS5, based on
HDFS5 libraries. This represents a major change in format and will require that MOPITT
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product users will need to make major revisions to the tools which they may currently use for
opening and reading the content of MOPITT Level 1, 2, or 3 products. HDF is a standard format
for large datasets (http://www.hdfgroup.org/). The HDF-EOS format is an extension of HDF developed
by the HDF-EOS group (http://hdfeos.org/index.php).

The reasons for switching from HDF-EOS2 to HDF-EOS?5 are (1) expected maintainability and (2)
consistency with other EOS satellite trace-gas products. HDF5 is a newer format compared to HDF4
and is less likely to become obsolete (i.e., unmaintained) in the near future. HDF5 is versatile, portable
and compatible with a wide range of platforms. HDF-EOSS5 is the standard format for all Level 2 and
Level 3 products for the OMI, TES, and MLS instruments. Files distributed in the HDF-EOS5 format
can be accessed with a wide range of software tools including IDL. and MATLAB
(http://www.hdfgroup.org/tools/earthscience.html).

4.1 Level 1 Data

Except for the correction of the geolocation data, as described above, the content of the Level 1 product
files containing the MOPITT calibrated radiances is unchanged for V6. However, as described above,
V6 L1 files are now distributed in HDF-EOS5 format instead of HDF-EOS2 format.

4.2 Level 2 Data

The content of the V6 Level 2 product files is summarized in a table in Appendix A. Two minor
changes have been made to the content of the Level 2 product files. First, the a priori total
column value has been added; this quantity simply represents the vertically integrated a priori
CO profile. Second, the diagnostic "Water Vapor Climatology Content' has been deleted. This
diagnostic was included in previous products because of a data quality issue with the NCEP water
vapor profiles. MERRA-based water vapor profiles are not affected by this issue, and so water vapor
climatology plays no role in V6 Level 2 processing.

In addition, Level 2 filenames will no longer include the identifiers 'beta’, 'prov' and 'val' to indicate
product maturity. In the future, product maturity will be indicated to users through notices on the
MOPITT website and through publications.

In the new HDF-EOS?S5 format, the content is organized within a directory tree. Within this tree, each
data product has a specific path. The directory structure of V6 files can be viewed using common tools
such as HDFView (http://www.hdfgroup.org/hdf-java-html/hdfview/). Appendix B provides an
example of IDL code used to open and read the contents of V6 Level 2 data; this sample program is
also available on the MOPITT website.

4.3 Level 3 Data
As this guide to the Level 2 product is being written, the V6 Level 3 product is still in development.

5 MOPITT Data Analysis
See V5 User's Guide.
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A. Content of V6 Level 2 Product Files

V5 HDF4 Product Label V6 HDF5 Product Path Units | Array Size'
Geolocation Fields (/HDFEOS/SWATHS/MOP02/Geolocation Fields/')
Seconds in Day '...ISecondsinDay" S ntime
Latitude ".../Latitude' deg ntime
Longitude ".../Longitude’ deg ntime
Pressure Grid ".../Pressure’ hPa 9
Data Fields (/HDFEOS/SWATHS/MOPO02/Data Fields/')
A Priori CO Mixing Ratio Profile "...[APrioriCOMixingRatioProfile' ppbv 2,9,ntime
A Priori CO Surface Mixing Ratio ".../APrioriCOSurfaceMixingRatio' ppbv 2,ntime
N/A ".../APrioriCOTotalColumn' mol/cm? | 2,ntime
A Priori Surface Emissivity ".../APrioriSurfaceEmissivity' 2,ntime
A Priori Surface Temperature ".../APrioriSurfaceTemperature' K 2,ntime
Cloud Description? ".../CloudDescription' ntime
DEM Altitude (m) '...DEMAltitude’ m ntime
Degrees of Freedom for Signal "...IDegreesofFreedomforSignal’ ntime
Level 1 Radiances and Errors ".../LevellRadiancesandErrors' W/m?Sr |2,12,ntime*
MODIS Cloud Dlagnostics '.../MODISCloudDlagnostics' 10, ntime
Pressure Grid "...[PressureGrid' hPa 9
Retrieval Averaging Kernel Matrix ".../RetrievalAveragingKernelMatrix' 10,10,ntime3
Retrieval Error Covariance Matrix ".../RetrievalErrorCovarianceMatrix' 10,10,ntime
Retrieval Iterations? ".../Retrievallterations' ntime
Retrieved CO Mixing Ratio Profile ".../RetrievedCOMixingRatioProfile' ppbv 2,9,ntime
Retrieved CO Surface Mixing Ratio | '.../RetrievedCOSurfaceMixingRatio' ppbv 2,ntime
Retrieved CO Total Column ".../RetrrievedCOTotalColumn' mol/cm? | 2,ntime
Retrieved CO Total Column ".../RetrievedCOTotalColumnDiagnostics' mol/cm? | 2,ntime
Diagnostics
Retrieved Surface Emissivity "...IRetrievedSurfaceEmissivity' 2,ntime
Retrieved Surface Temperature ".../RetrievedSurfaceTemperature' K 2,ntime
Satellite Zenith Angle ".../ISatelliteZenithAngle' deg ntime
Signal Chi2 '...ISignalChi2' ntime
Solar Zenith Angle ".../SolarZenithAngle' deg ntime
Surface Index? ".../Surfacelndex' ntime
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V5 HDF4 Product Label V6 HDF5 Product Path Units | Array Size'
Surface Pressure ".../[SurfacePressure' hPa ntime
Swath Index? '.../SwathIndex' 3, ntime

1 Array indices ordered according to IDL convention. ntime = number of retrievals (varies), ordered
chronologically; for data fields including associated uncertainty, first element is the parameter and second
element is uncertainty.

2 Integer-valued product (all others floating point)
3 Dimensions of Retrieval Averaging Kernel Matrix are ordered (nrow, ncolumn, ntime)

4 First index of Level 1 Radiances and Errors corresponds to radiances/errors; second index corresponds to
channel (in sequence 7A, 3A, 1A, 5A, 7D, 3D, 1D, 5D, 2A, 6A, 2D, 6D).

B. Sample IDL Code for Opening and Reading V6 Level 2 files

pro example_v6_lev2

; sample IDL code for opening and reading MOPITT Version 6 Level 2 files
; hote different paths for 'Geolocation Fields' and 'Data Fields'

infile = '"MOP02T-20030101-L2V16.2.1.he5'

print, infile

print, ‘'open hdf5 file'
file_id = H5F_OPEN(infile)

; read latitudes into variable 'moplat'

print, 'read latitudes'

dataset_id = H5D_OPEN(file_id, 'HDFEOS/SWATHS/MOPO02/Geolocation Fields/Latitude")
moplat = H5D_Read(dataset_id)

H5D_CLOSE, dataset _id

; read longitudes into variable 'moplon’

print, 'read longitudes’

dataset_id = H5D_OPEN(file_id, 'THDFEOS/SWATHS/MOPO02/Geolocation Fields/Longitude")
moplon = H5D_Read(dataset_id)

H5D_CLOSE, dataset _id

; read retrieved profiles into variable ‘rtvprofl’

print, 'read retrieved CO profiles’

dataset_id = H5D_OPEN(file_id, /HDFEOS/SWATHS/MOPO02/Data Fields/RetrievedCOMixingRatioProfile")
rtvprofl = H5D_Read(dataset_id)

H5D_CLOSE, dataset _id

; read averaging kernel matrices into variable ‘avkrn'
print, 'read AK matrix'
dataset_id = H5D_OPEN(file_id, 'HDFEOS/SWATHS/MOPO02/Data Fields/RetrievalAveragingKernelMatrix')
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avkrn = H5D_Read(dataset_id)
H5D_CLOSE, dataset_id

H5F_CLOSE, file_id

; print lat and lon of first retrieval

print, moplat(0), moplon(0)

; print retrieved profile of first retrieval (fixed-levels only, surface retrieval missing)
print, rtvprofl(0,0:8,0)

; print AK matrix for first retrieval

print, avkrn(0:9,0:9,0)

return
end
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